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Neural network classification and prior class probabilities 
Abstract 
A commonly encountered problem in MLP (multi-layer perceptron) classification problems is related to 
the prior probabilities of the individual classes - if the number of training examples that correspond to 
each class varies significantly between the classes, then it may be harder for the network to learn the 
rarer classes in some cases. Such practical experience does not match theoretical results which show 
that MLPs approximate Bayesian a posteriori probabilities (independent of the prior class probabilities). 
Our investigation of the problem shows that the difference between the theoretical and practical results 
lies with the assumptions made in the theory (accurate estimation of Bayesian a posteriori probabilities 
requires the network to be large enough, training to converge to a global minimum, infinite training data, 
and the a priori class probabilities of the test set to be correctly represented in the training set). 
Specifically, the problem can often be traced to the fact that efficient MLP training mechanisms lead to 
sub-optimal solutions for most practical problems. In this chapter, we demonstrate the problem, discuss 
possible methods for alleviating it, and introduce new heuristics which are shown to perform well on a 
sample ECG classification problem. The heuristics may also be used as a simple means of adjusting for 
unequal misclassification costs. © Springer-Verlag Berlin Heidelberg 2012. 
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fwhe/g[)hXẑOUe#|VNXaed\][)h/s+̂:\_X#̀%X#̀)h!n o p{Te#\_X#he#\]U*["s)U
[$UX:e#hVaZ)c_X=\][-`)\]k*`$he=Tc&dVaVa\_jDT/dX#\AU[Rr2heaY	Ue#bGd[$ThX#`Dd[%[$hXîNU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 Z!dÌ[R:dldI^ YEZ[SEZ[^N_`*T-R:a4g-dlZ[a3bkDUdeSIdl̂N_`!Z[a-b9Z[a_V-V-Z}SEZ[UaCSEU2R:Z}SET-RYISET3R
k-YEZ[UY6dl^N_`[Z!a-bJUY6k-YEUc"_c3Z[̀[Z!deSEZ[̂,dE_jJk-`[Z!a-b9jJRSET-UV-d:p
  !"#$% >&%$?6@AB>
=   6   $	<.D (I  C  ;  	% C#3(%.%+ 	3 .A	 
,( 2?( /   !: -	*
  ,  	% C#3(% / 	.     )A+; C    + $+ (%6  DEFG776%+'3HI
 A JB' 	JKLMNO'PQRST2UQVWOUQVX+  % $$ ! B(%	.D++: $	P	.D   $	) #
'YZW[ (\X])* ^ _`a ^ ]$b ^ c6] +,-d^ eY_ ^ f ^ ]ghich%jk\0]./2fif01 ^ f
 +:E;$ $l?(%+l
-  %$J  ()  $	))&
-# =  m%+38X+&-+.% 	%&BE A -	J%B' 	 KmM6O`PnRST)UQVWO`UQV%+)% $   $5(6
	E0+H"L;   	' $		 !0	"(6o)+1   .%.D	'	".%M 	4+:.D+52 D 	4(%+: 
6%+'3D A -	 #23 -+'O&- -	J%+%$) /  !'	p
  	F  'O	%E7-+ H    $ 
 J"+A$6; $$.
<(%	%< O  AA  d%+   $ ! (%+: .D(A 





























Probabilistic Sampling + Post Scaling
      	
 
!"#$ %&'(
)'*&+ , & -.	/
 
!00&12*& 30






$?@AA B "C+D&D7'E&+2 -F& 4@"C+GD&+D7'&+2 -H0IJ7G'*&+ -K
B &'(
!%01149L*46"#2  M &+N	/
<4O% =P7(&8 -I'% 4 %KQR
RD&D7'















  	  	
  	




  ̂   _Y "C0 2H&8'%%X"#X
G%76>6&+X
!4-%$"\+6'*&+ -`  `I9&+*4








=X& 4H.<DJ2 ,Yb `
cI_X`PAO` d K d $*&'(
Z4%/*4)'%&%`e
E*4'*4 '%&%!&+H







%4' %K h - (&+Y% 4 '*& ZDJD9L%4)	
H'%&A d &8%'%- i%*4Z&+
 +2H&+	
%  !" M `8& 46-%9L%/T2+\+"5
1 +2H&':&+e	&+2%j&+1%'%- i%*4
&]'%&IcX_X`JAJ`# d &  &L&+'>
%
K
Jk lmnop:q^p:qOrao5qst pCu $ 7v+wOx#y8z>yEp#q ry+qOynoxeoq^{ pzpCuI|Xyx:xP}qOw=|Gq3z ~ o5z^nov 
zp#vo5xJznop:qOp#qOrHox:rwnpz ~ @uR^u(y{wnst]uSwz>y+qanyu>Ox:z	p:q@u>7wJzp@o5xju(wx:Jzp:wq^u
y k r k {JOyIzw!x#wJv+o5xap#qOp@o k%& z>yq  o<n>yu(^xzRw!jo5z(z%o5p#qOp:q^rEo<u>7wJzp@o5xJu>wx#Jz>p#wq
pCuYz ~ o5z	qOw5z	ox:xJw^z ~ yIq^y8z|Iwn}n>yu(wOnv+yuYo5nyXy'([v8p#y+qz>x"#H^u>y{ k)* $jyn>p"ay+qzuR|Gp:z ~
oZv+wqz>nwx#x:y{sz%ou>} ~ oLyap:q^{Op#vo=z>y{ z ~ o5zHz ~ y u(w%Jz>p"@o5x	u>wx#Jz>p#wq^uHw!z>yq ~ oLy
u&@o5x#x:ynG|Xyp:r ~ z%u6wq;oLynory' ( ) *k
+Ok, y+p#r ~ z{Jyvo-#.' ( / * wnI|Xyp:r ~ zIy+x#pap#q^o=zp:wq0' +1-* on>y!w!zy+q3ju(y{[p#q2st znop:qOp#qOr
oq^{o5p" zw3ap:q^pap"4+y oZv+w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Network Outputs using Probabilistic Sampling
Output 1
Output 2
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